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Abstract
We investigated landscape structure and spatialpatterns of natural grasslands and Atlantic 
Forests in southern Brazil in 1984, 1994, and 2005. The studied region is a highland grassland 
disjunct region (campos de cima da serra) surrounded by forests. We asked: (a) was there an 
intensification of habitat loss, fragmentation, and isolation of the Atlantic forest or grassland, 
within the highland ecotonalzone? (b) What was the degree ofconnectivity/isolation of the 
patches? (c) Was there any pattern of grassland loss related to moisture/microtopography? 
(d) Did agroeconomic activities influence landscape patterns and land use change? We an-
alyzed Landsat remotely sensed information to characterize the land use and land cover, 
also considering subdivision into eight agroeconomicregions. Results showed that the area 
occupied by agriculture suffered a strong expansion along with exotic tree plantations, at the 
expense of grasslands, which suffered marked loss and fragmentation. Grassland destruction 
was biased towards humid areas in valleys between relief undulations. Forests expanded 
as a network of small patches in close contact with other land uses. Land cover differed 
significantly among agroeconomic regions, suggesting that conservation measures need to 
contemplate both forest and grassland ecosystems and socioeconomic distinctions as well.
Keywords: Araucaria forest, fragmentation, Pampa.
Resumo
Investigamos a estrutura da paisagem e padrões espaciais de campos nativos e de flores-
tas Atlânticas no sul do Brasil em 1984, 1994 e 2005. A região estudada é um enclavede 
campo cercado por florestas. Perguntamos: (a) houve intensificação da perda de habitat, 
fragmentação e isolamento da floresta Atlântica ou do campo? (b) Qual foi o grau de conec-
tividade/isolamento dos fragmentos? (c) Houve algum padrão de perda de campo relacio-
nada à umidade/microtopografia? (d) O padrão de atividades agroeconômicas influencia 
a estrutura da paisagem e mudanças no uso do solo? Analisamos imagens Landsat de 
sensoriamento remoto para caracterizar o uso e cobertura do solo, considerando também 
a subdivisão da paisagem em oito regiões agroeconômicas. Os resultados mostraram que 
a área ocupada pela agricultura sofreu forte expansão, juntamente com plantações de 
árvores exóticas, em detrimento do campo, que sofreu perda e fragmentação acentuada. 
A destruição do campo foi mais acentuada em áreas úmidas situadas em vales entre ondu-
lações do terreno. As florestas sofreram expansão como uma rede de pequenas manchas 
em estreito contato com outros usos do solo. A cobertura do solo diferiu significativamente 
entre as regiões agroeconômicas, sugerindo que medidas de conservação precisam con-
templar ambos os ecossistemas, assim como distinções socioeconômicas.
Palavras-chave: floresta com araucárias, fragmentação, Pampa.
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Introduction
Habitat loss and fragmentation are regarded as major 
threats to biodiversity conservation, producing landscapes 
with reduced connectivity, and degraded native vegetation 
that trigger extinction cascades, especially if keystone spe-
cies or entire functional groups of species are lost (Fis-
cher and Lindenmayer, 2007). One of the main drivers of 
habitat loss is the expansion of the agricultural frontier, 
which also sometimes produces the redistribution of veg-
etation cover over entire regions (Overbeck et al., 2007).
In recent decades, the Brazilian agricultural production 
suffered a marked increase (Mantelli, 2006), mainly due 
to increased production of annual cultures through both 
agricultural expansion and increased productivity (Over-
beck et al., 2007). Accordingly, this agricultural expansion 
has been accompanied by native habitat loss (Cordeiro 
and Hasenack, 2009) and redistribution in southern South 
American landscapes (Baldi and Paruelo, 2008;  Hansen et 
al., 2013; Hendges et al., 2012; Scariot et al., 2015). Given 
the complexity of the interaction between human activities 
and native ecosystem distribution across landscapes, it is 
of paramount importance to gain detailed knowledge on 
the spatial patterns of both habitat destruction and remnant 
vegetation distribution (Fischer and Lindenmayer, 2007).
In subtropical South America, a large ecotonal area oc-
curs near the parallel 30ºS where the Atlantic Forest and 
the Pampa grassland ecoregions meet. Southern Atlantic 
forests comprise themselves a biogeographic convergence 
zone between lowland rainforests, upland mixed conifer-
hardwood forests dominated by Araucaria angustifolia, 
and semideciduous forests (Gonçalves and Souza, 2014). 
The Pampa grasslands (known as campos in Brazil) are 
biodiversity rich ecosystems that occur as a continuous 
block that covers the lowlands over the lower half of the 
Rio Grande do Sul Brazilian state and all Uruguay (Bilen-
ca and Miñarro, 2004), as well as disjunct areas in northern 
Rio Grande do Sul, Santa Catarina, and Paraná (Overbeck 
et al., 2007).Across the Rio de La Plata larger region (Baldi 
and Paruelo, 2008), and the Brazilian state of Rio Grande 
do Sulin particular (Cordeiro and Hasenack, 2009), sig-
nificant reductions in grassland cover in the last decades 
of the 20th century have been measured. This loss can be 
related to agricultural expansion, but also to increased ex-
otic tree plantation areas (Brockerhoff et al., 2008; Hansen 
et al., 2013; Souza et al., 2013). The Pampa grasslands 
biological diversity is differentiated along moisture/micro-
topographic gradients (Focht and Pillar, 2003), and hence 
grassland loss should affect distinct sets of species depend-
ing on the spatial distribution of land conversion. Forested 
areas, on the other hand, seem to have expanded (Duarte 
et al., 2006;Hansen et al., 2013; Hendges et al., 2012; 
Scariot et al., 2015), possibly for socioeconomic reasons 
related to rural exodus and ageing smallholder rural popu-
lations (Schneider, 1994). Up to now, land use changes in 
southern Brazil have been poorly documented compared 
to other regions of Brazil, and the socioeconomic drivers 
of these changes have scarcely been investigated (see Nau-
mov, 2005 for a general review).In the transitional forest-
grassland region of southern Brazil (northern Rio Grande 
do Sul), small-scale family agriculture concentrates on 
beans, manioc, pork, and chicken production, and coex-
ists with extensive business agriculture concentrated on 
soy, corn, tobacco, wheat, and cattle ranching (Rio Grande 
do Sul, 2012). Current wet climatic conditions with no 
marked annual dry season are favorable to forest expan-
sion over grasslands, which indeed has occurred in the last 
4,000 years (Behling et al., 2004).
Here we investigated temporal changes in landscape 
structure and spatial patterns of natural grasslands and 
forests in different years (1984, 1994 and 2005) in north-
eastern Rio Grande do Sul, southern Brazil. The studied 
region is a highland grassland disjunct region (campos de 
cima da serra) surrounded by mixed conifer-hardwood, 
semideciduous, and lowland rainforests (Gonçalves and 
Souza, 2014). We addressed the following questions: (a) 
was there an intensification of habitat loss, fragmentation, 
and isolation of the Atlantic forest or grassland, within the 
highland ecotonal zone between 1984 and 2005? (b) What 
was the degree of connectivity/isolation of the patches of 
Atlantic forest and grassland within the ecotonal zone be-
tween 1984 and 2005? (c) Was there any pattern of grass-
land loss related to the moisture/microtopographic gradi-
ent? (d) Did agroeconomic activities influence landscape 
patterns and land use change?
Material and methods
Study area
The studied forest-grassland ecotone covers an area of 
ca. 300,000 Km2 in southern South America and lies entirely 
within the Brazilian state of Rio Grande do Sul, near the par-
allel of latitude 30ºS (Figure 1). This region is characterized 
by differences in geomorphology and geological history 
(Streck et al., 2008), leading to strong gradients in topogra-
phy and soil characteristics. A basaltic mountain range (the 
sul-riograndense highlands) forms an arch of descending 
altitudes from the northeastern plateau (max. elevation ca. 
1300 m) to lower southwestern undulated terrains. A NE-
SW diagonal of flat lowlands of sedimentary origin, known 
as the Central Depression, borders the inner side of the high-
land arch. Soils vary in fertility from acid Cambisols in the 
highlands, to Argisols and Neosols on the slopes of the high-
lands, and Latosols on the northwestern hilly lowlands of the 
Uruguay River valley (Streck et al., 2008).
Climate is classified as Köppen-Geiger type Cf, a tem-
perate humid climate type, lacking a true dry season (Peel 
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et al., 2007). Climate type Cfb (warm summer) is found in 
the higher areas of the plateau, where winter temperatures 
average 9ºC, average summer temperatures do not exceed 
22°C, and frosts are common (Kuinchtner and Buriol, 
2001). Climate type Cfa (hot summer) prevails throughout 
the region, with average summer temperature above 22°C. 
Annual precipitation varies from 1,351 mm to 2,091 mm. 
Apart from a limited occurrence of Rainforests of tropical 
origin in the eastern slopes, most forests in the region are 
Eastern Mixed Forests, a type of conifer-hardwood for-
est dominated by the conifer Araucaria angustifolia with 
hardwood species from both tropical and temperate ori-
gins (Gonçalves and Souza, 2014). They cover mainly the 
slopes and also occur as patches of varying sizes and con-
servation status embedded in seminatural grasslands in the 
flat upper areas (Souza et al., 2012). Grasslands form a mo-
saic with mixed forests in the northern half of Rio Grande 
do Sul and in the states of Santa Catarina and Paraná 
(Overbeck et al., 2007). Larger land ownerships (> 500 ha)
concentrate in the highest northeast of the studied area, 
where corporate livestock ranching predominates over ag-
riculture (SCP, 2002). Smaller land ownership predomi-
nates westwards and southwards, where family agriculture 
becomes increasingly important (SCP, 2002). Despite the 
relatively limited size of farms in the western part of the 
state, business-oriented intensive plantations correspond 
to an important proportion of the agricultural production, 
mainly soy (Rudorff et al., 2007; Gusso et al., 2012). Eu-
calypt and pine plantations are important land covers in the 
plateau (Overbeck et al., 2007).
Several physiographic subunits can be distinguished 
according to geomorphology, soils, drainage, and physi-
ographic and vegetation characteristics: the Upland Grass-
lands (campos de cima da serra), Medium Plateau, Upper 
Slope, Lower Slope, Central Depression, and Coast (Fortes, 
1959). We focused on an area of 1,048.6 Km2 centered on 
the Upland Grasslands and the surrounding Northeastern 
Upper Slope and Northeastern Down Slope (Figure 1) as 
these areas include the main environmental (topographic 
and vegetational) and land-use history gradients.
Land cover and land-use charac-
terization
We analyzed Landsat 5 Thematic Mapper (TM) re-
motely sensed information with a spatial resolution of 30 m 
(1:50,000 scale) to characterize the land use and land cover 
of a 1,048,656 Km2 area (from 27°57›32»S to 29°47›9»S; 
from 51°51›18» to 50°17›53»W)for 1984, 1994 and 2005. 
Already registered Landsat scenes were obtained from the 
INPE (Spatial Research National Institute, Portuguese ac-
ronym) website (http://www.dgi.inpe.br/CDSR/, row/path 
221/80 in all cases, Universal Transverse Mercator projec-
tion system, zone 22, datum WGS84). Only images with 
up to 10% cloud cover were used. We then performed at-
mospheric corrections using the Fast Line-of-sight Atmo-
spheric Analysis of Spectral Hypercubes (FLAASH) mod-
ule of ENVI. FLAASH is a first-principles atmospheric 
correction tool that corrects wavelengths in the visible 
through near-infrared and shortwave infrared regions, up 
to 3 μm (Yuan and Niu, 2008).Radiometric calibration was 
not applied to the satellite imagery because differential 
illumination was not visible and atmospheric influences 
were very low (Bishop et al., 1998). Land cover and land 
use maps were obtained by supervised interpretation of 
the Landsat scenes using the ENVI 4.5 GIS (Exelis Visual 
Information Solutions, Boulder, Colorado). We mapped 
five land cover and land use classes: (i) native forest: old 
growth and secondary mixed and rain forest remnants,(ii) 
grasslands: seminatural grasslands, (iii) agriculture: annu-
al and perennial crops and agricultural land in preparation 
for farming, (iv) tree plantations: eucalypt or pine planta-
tions, and (v) urban areas. To optimize the interpretation 
urban and silvicultural areas were removed from images 
Figure 1. Distribution of the Atlantic Forest and Pampa ecore-
gions in South America, and the location of the study area 
(square). 
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before classification due to reduced sample size (Mather 
and Koch, 2011).
We quantified landscape structure, i.e., composition 
and configuration, for the two study intervals using five in-
dices because no single metric can capture the complexity 
of the spatial arrangement of patches (Riitters et al., 1995). 
The Area (CA), Average Area (Area MN), Edge Contrast 
Weigh (CWED), Aggregation (AI), and Interspersion and 
Juxtaposition (IJI) indices were calculated using FRAG-
STATS 3.3 (McGarigal and Marks, 1995). This software 
calculates spatial pattern metrics, such as number of 
patches, shape indices and forest interior metrics, which 
describe landscape pattern. The Edge Contrast Weighin-
dex (CWED) standardizes edge to a per unit area basis that 
facilitates comparison among landscapes of varying size. 
The interspersion index (IJI) measures the extent to which 
patch types are interspersed; higher values result from 
landscapes in which the patch types are well interspersed, 
whereas lower values characterize landscapes in which the 
patch types are poorly interspersed. The Edge density in-
dex (ED) standardizes edge to a per unit area basis that 
facilitates comparisons among landscapes of varying size. 
For the calculation of Edge Density index, human-related 
classes (urban, silviculture, and agriculture) weighted 1 
and natural classes (forests, grasslands, and water) weight-
ed zero. For the six classes, we calculated landscape pat-
tern metrics for the whole landscape, and for the upland 
grasslands separately. In the analyses of upland grasslands, 
we discriminated between Northern and Southern upland 
grasslands, since this physiographic region is divided by 
a northeast-southwest forested depression (Figure 2). Due 
to the commonness of small forest fragments in the study 
area (Souza et al., 2012) and their prevalence in the At-
lantic Forest domain (Ribeiro et al., 2009), we did not ex-
clude small polygons from analyses.
We used the normalized difference moisture index 
(NDMI) to distinguish between waterlogged-prone grass-
lands (banhados) from well drained grasslands. Although 
less popular than other indexes related to vegetation cov-
er like the NDVI, which measures vegetation cover, the 
NDMI has been shown to be highly correlated with the fo-
liage water content and fraction of dead leaf material (Hunt 
Figure 2. Studied landscape and physiograpic units (A), elevation variation (B), grassland occurrence (C), and agroeconomic classes 
(D) found therein.
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et al., 1987), constituting a better moisture content indicator 
than the NDVI (Hardisky et al., 1983; Gao, 1996; Wilson 
and Sader, 2002). This is due to increased sensitivity to water 
absorption originated by the contrast between the near and 
medium infrared bands, since the medium infrared is less 
influenced by atmospheric effects (Wilson and Sader, 2002). 
It is worth noting that the NDMI is mainly correlated with 
moisture retained on the vegetation more than soil moisture. 
The NDMI is the normalized ratio of the shortwave (TM 
band 5) and near infrared (TM band 4) bands, and was cal-
culated in ENVI. It generates moisture classes with values 
proportional to vegetation moisture. In order to consider hu-
man activities heterogeneity, each municipality within the 
studied polygon was classified into one of the eight agro-
economic regions proposed for the state of Rio Grande do 
Sul by Brum Neto et al. (2007). The classification of Brum 
Neto et al. (2007) considered the main agricultural and ani-
mal products of each region as well as the land ownership 
structure and agroeconomic dynamism: (1) pecuary and rice 
fields, (2) corn and tobacco, (3) corn, tubers and fruit pro-
duction along with chicken and pork production, (4) grape, 
(5) apple and cattle, (6) banana, pineapple, and palm heart, 
(7a) soy and wheat along with cattle, and (7b) soy and wheat 
along with chicken. All eight agroeconomic classes were 
represented in the studied landscape (Figure 2).
Landscape analysis
Log-linear analyses (Sokal and Rohlf, 1995) were 
used to determine whether land use and grassland mois-
ture differed significantly between the studied periods. 
For land use agroeconomic classes and time interval were 
also used as explanatory variables. The significance of 
the explanatory variable is analysed by examining the in-
crease in χ2 (i.e. Δχ2) when it is excluded from a model 
that included it. The level of significance to reject the null 
hypothesis was set at p < 0.05 in all tests. The statistical 
analyses were carried out with the software SYSTAT 12 
(Systat Software Inc.).
Results
In 1984, most of the studied landscape was occupied 
by grasslands, mainly in the uplands (Table 1). Forests oc-
cupied a much smaller area of the region and were dis-
tributed on the slopes of the sul-riograndense highlands, 
also occurring on the uplands as a network of patches and 
corridors (Figure 3). Agricultural areas represented a small 
part of the studied area and were more abundant over the 
northwestern part of the image as well as in the Central 
Depression. Exotic tree plantations were scattered on the 
Table 1. Class area of natural and human activities in the northeast-
ern portion of the sul-riograndense highlands, southern Brazil, from 
1984 to 2005.Figures correspondent to water bodies not shown.
Year Grassland Forest Agriculture Sylviculture Urban
1984 79.00 13.90 4.90 1.30 0.16
1994 22.70 11.00 63.00 2.40 0.17
2005 20.00 33.00 43.00 2.60 0.26
Figure 3. Total landscape structure in 1984, 1994, and 2005 in southern Brazil. Insets show examples of landscape structure at a smaller 
scale. (A)agriculture, (G)seminatural grasslands, (F) native forest, (S)sylviculture of exotic tree species, (U) urban.
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plateau. Agriculture was the most scattered of the land 
cover classes, with 156885patchesof 1.7 Km2 in average. 
Forest patches were also numerous (N = 115642), with 9.5 
Km2 in average. Grasslands occurred as relatively large 
patches (average = 19.8 Km2).
From 1984 to 1994 the area occupied by agriculture 
suffered a strong expansion, increasing by 129.5%, along 
with exotic tree plantations, the area of which increased 
by 184.6% (Table 1, Figure 4). These expansions occurred 
mainly at the expense of grasslands, which suffered a strong 
reduction (71.1%), and forests (reduction of 24.7%).From 
1994 to 2005 agriculture areas suffered a 31.5% contraction, 
accompanied by a strong forest expansion (303.5%) over 
both former agricultural areas and grasslands. The net result 
was a contraction of grasslands, which reached 2005 with 
25.5% of its extension in 1984. Urban areas increased mark-
edly over the whole 21-year period (162.5%).Over the en-
tire study area and period, grasslands became increasingly 
fragmented, with 86,647 grassland patches of average 19.8 
Km2 in 1984 rising to 116,495 patches of average 4.1 Km2. 
Forest patches increased from 115,642 of average 9.5 Km2 
to 223,640 of average 3.9 Km2.
More detailed analyses of landscape cover changes 
in the Upland Grasslands sub-region revealed particular 
trends. In this sub-region, the increase in landscape cover 
by agriculture from 1984 to 2005 was not accompanied 
by increases in this land use class mean patch size, while 
edge contrast, aggregation, and juxtaposition increased 
very modestly (Figure 4). This indicates that agriculture 
increased by the augmentin the number of relatively small 
cultivated patches that coalesced to some extent. A simi-
lar pattern was found for exotic tree plantations. Grass-
land patches increased markedly in mean size and edge 
contrast (contact with different land use patches). Forest 
expansion was not accompanied by important increases 
in forest patch size or aggregation, but edge contrast and 
patch juxtaposition increased markedly. This indicates that 
forests expanded as a network of small patches in close 
contact with other land uses. Urban patch size decreased 
despite steady increase in total urban area. In the Upland 
Grasslands vegetation moisture, as measured by the NDMI 
index, was significantly reduced (G = 592875.97, gl = 26, 
P< 0.0001). This reduction appeared in the increase in the 
area of the first NDMI class, which represents the driest 
patches, as well as in the decrease in the area of the largest 
classes representing the moister patches (Figure 5).
The distribution of landscape cover classes was mark-
edly different between agroeconomic regions in 1984. The 
Tropical Fruit and Palm Heart region was predominant-
ly forested, the Apple and Cattle and the Soy, Wheat and 
Figure 4. Landscape metrics calculated for different land use classes in the Upland Grasslands, southern Brazil, from 1984 to 2005.
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Figure 5. Moisture dynamics in the Upland Grasslands in southern Brazil from 1984 to 2005 as depicted by the NDMI index. (A) Land-
scape scale distribution of grouped NDMI classes. (B)Frequency distribution of the NDMI moisture classes.
Figure 6. Land use patterns in different agroeconomic regions in the studied landscape in southern Brazil from 1984 to 2005.
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Cattle were predominantly grassland regions, while the 
remaining regions presented balanced proportions of for-
est and grassland. Landscape structure differed between 
agroeconomic regions and between time intervals (loglin-
ear model, χ2 = 89,120.61, gl = 40, p < 0.0001, Figure 6). 
Agriculture cover increased in all agroeconomic regions, 
and the majority of this increase occurred from 1984 to 
1994, with small reductions in the Pecuary and Rice and 
Apple and Cattle regions from 1994 to 2005. Agricultural 
expansion was accompanied by some forest cover reduc-
tion in the Pecuary and Rice, Corn and Tobacco, Tubers, 
Fruit, Chicken and Pork, Grape and Tropical Fruit and 
Palm Heart regions from 1984 to 1994. This pattern was 
reversed from 1994 to 2005, however, in most of these 
regions, which showed forest expansion. Grassland cov-
er reduction occurred in all agroeconomic regions. It was 
particularly strong in the regions where seminatural grass-
lands were originally the dominant land cover, such as the 
Pecuary and Rice, Apple and Cattle, and Soy, Wheat and 
Cattle regions, as well as in originally forest dominated 
regions as the Grape region and the Tubers, Fruit, Chick-
en and Pork region. Land cover changes were expressive 
enough to alter the environmental profile of most regions 
from previously dominated by forests or grasslands to ag-
ricultural dominance.
Discussion
Grassland destruction
South Brazilian grasslands represent the northern limit 
of the Pampa ecoregion (Bilenca and Miñarro, 2004), a na-
tive ecosystem that occupy some 13.7 million ha and sup-
port from 3,000 to 4,000 phanerophytes but is poorly pro-
tected (Overbeck et al., 2007). The main pattern emerging 
from our results is the large-scale grassland loss to expand-
ing agriculture, followed by the redistribution of forest 
cover over large portions of the studied landscape. Three 
of the eight agroeconomic regions studied (Apple and Cat-
tle, Soy, Wheat and Chicken, and Soy, Wheat, and Cat-
tle) reached 2005 near the threshold of natural vegetation 
cover of 40% suggested by Metzger and Décamps (1997) 
to buffer fragmentation and isolation effects. If we con-
sider the grassland and forest vegetation types separately, 
however, five of the eight regions reached 2005 with less 
than 40% of the initial grassland cover (Pecuary and Rice, 
Corn and Tobacco, Tubers, Fruit, Chicken, and Pork, Soy, 
Wheat and Cattle, and Soy, Wheat and Chicken), and the 
Tropical Fruit and Palm Heart region failed this threshold 
regarding forest cover.
A possible drawback in the grassland destruction we 
found could be due to measurement error related to the 
distinction between burned grasslands and plowed soil 
in preparation for seeding. Grassland periodic burning is 
a common management practice to improve pasture for 
the cattle (Quadros and Pillar, 2001). There are grounds, 
however, to believe that such error, if present, was not re-
sponsible for the estimated habitat loss. During the studied 
period the Brazilian agricultural production in general, and 
that of the Rio Grande do Sul state in particular, suffered a 
marked increase (Mantelli, 2006). Overbeck et al. (2007) 
estimated that southern Brazilian grasslands were reduced 
by ca. 25% from 1970 to 1996 due to the expansion of 
soybean, corn, wheat, and rice cultures. Accordingly, Bal-
di and Paruelo (2008) and Cordeiro and Hasenack (2009) 
estimated significant reductions in grassland cover in the 
general Pampa region and in the Rio Grande do Sul North-
ern Campos in the last decades of the 20th century. The fact 
that the majority of grassland destruction we found took 
place from 1984 to 1994 corresponds to the expansion of 
the agricultural frontier in this period (Mantelli, 2006), 
which suffered a halt in the first years of the 21th centu-
ry (Rio Grande do Sul, 2012). It is worth noting that the 
grassland habitat destruction trend found here may have 
continued in more recent years, because the agricultural 
production regained strength after 2005 (Rio Grande do 
Sul, 2012; but see Scariot et al., 2015).
Grassland replacement was not spatially homogene-
ous. It was a directional process occurring more intensely 
in the northern part of the Upper Grasslands, the slopes 
of the highlands, and in the Central Depression than in 
the southern part of the Upper Grasslands. This resulted 
from the fact that agricultural activity has expanded from 
the northwestern and western regions of Rio Grande do 
Sul, where annual culture planted area has been grow-
ing since the 1940’s (Mantelli, 2006). While the south-
ern Upper Grasslands have been less intensely converted 
to agriculture, it is in this area that exotic tree planta-
tions, mainly Pinus spp., have expanded most. As in the 
study region, worldwide exotic tree species are widely 
planted under short rotation cycles (Brockerhoff et al., 
2008; Hansen et al., 2013), but they are poor habitats for 
most of the native fauna and flora (Fonseca et al., 2009), 
and have been shown to reduce plant diversity in the sur-
rounding grasslands due to cattle exclusion (Souza et al., 
2013).Furthermore, Pinuss pp. are invasive alien species 
and constitute a severe threat to the conservation of na-
tive grassland species and communities (Guadagnin et 
al., 2009).A consequence of the agricultural expansion in 
a northwestern-southern arch is that the southern part of 
the Upper Grasslands, in the Apple and Cattle agroeco-
nomic region remains as a refuge for grassland ecosys-
tems in the region, as also pointed out by Cordeiro and 
Hasenack (2009). The much needed creation of grassland 
conservation areas (Overbeck et al., 2007) should thus 
target this region, which is recognized by the Brazilian 
federal environmental agencies as a priority area for con-
servation (Brasil, 2000).
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An important characteristic of the grassland removal 
process was its concentration on the wet grasslands (ba-
nhados) found in the valleys between terrain undulations 
over the Upland Grasslands. This pattern has conservation 
implications because wet grasslands constitute a floristi-
cally distinct habitat from grasslands on the slopes (Focht 
and Pillar, 2003) and harbors habitat specific bird and 
mammal species (Bencke, 2009). The specific loss of wet 
grasslands is not attributable to climate trends. Annual 
rainfall has been shown to have significantly increased 
in southern Brazil in general, and in the study region in 
particular from 1930 to 2005 (Pinheiro et al., 2013). The 
spread of agricultural activities over grasslands prioritizing 
the network of low wet habitats helps explain the increased 
fragmentation of grasslands that accompanied its areal re-
duction (as in Baldi and Paruelo, 2008). The creation of 
a large number of grassland fragments poses important 
conservation issues since the impacts of human-induced 
disturbances common in the region, such as fire (Overbeck 
et al., 2006), are expected to be enhanced. Extinction cas-
cades are particularly likely to occur since they have been 
registered in landscapes with low native vegetation cover, 
low landscape connectivity, degraded native vegetation 
and intensive land use in modified areas, especially if key-
stone species or entire functional groups of species are lost 
(Fischer and Lindenmayer, 2007).
Forest expansion
Our results showed that agricultural expansion was not 
the only factor responsible for grassland reduction. At the 
same time agricultural activity expanded from the west, 
Mixed and Semideciduous Atlantic Forests also expanded 
in the Upland and Slope physiographic regions of the stud-
ied landscape. This result is an exception to the global trend 
of subtropical forest loss to forestry (Hansen et al., 2013) 
but agrees with regional findings (Cordeiro and Hasenack, 
2009; Hendges et al., 2012; Scariot et al., 2015). It may 
seem contradictory with the grassland destruction by ag-
ricultural expansion we also registered. Two distinct pro-
cesses may help explain forest expansion. At a large scale, 
current wet climatic conditions with no marked annual 
dry season are favorable to forest expansion over grass-
lands, which indeed has occurred in the last 4,000 years 
(Behling et al., 2004). At a more regional scale, improving 
living conditions and increased agricultural mechanization 
have led to land concentration (in the western parts of the 
studied region, Schneider, 1994; Mantelli, 2006) and rural 
exodus (Naumov, 2005; Schneider, 1994). The marked in-
crease in the area occupied by cities during the studied pe-
riod is a direct consequence of the rural exodus (Naumov, 
2005). It is important to highlight that the Tropical Fruit 
and Palm Heart agroeconomic region was an exception to 
this dominant trend, and suffered a marked net forest loss 
in the studied period. In this region forests were replaced 
by agriculture, mainly sugar cane and banana (Rio Grande 
do Sul, 2012), accompanied by a marked increase in urban 
areas related to touristic activities.
Forests expanded from fragments over abandoned agri-
cultural fields mainly in smallholder family farming units 
belonging to ageing families of German or Italian ancestry 
(Schneider, 1994) in the southern Upland Grasslands and 
surrounding slopes. Southern Atlantic forests have been 
shown to colonize grasslands through direct succession 
from fragment edges and natural patches under grazing 
and fire exclusion (Oliveira and Pillar, 2005) or through 
nucleation around isolated Araucaria angustifolia trees 
growing in grasslands (Duarte et al., 2006).The conserva-
tion status of small forest patches in the southern extreme 
of the Atlantic Forests, however, is generally impaired by 
cattle grazing (Souza et al., 2010) and other non-sustain-
able uses (Souza et al., 2012). Biodiversity conservation 
has been shown to be much increased, however, under 
minimally protected areas (Souza et al., 2012). Overall, 
our results point to the need of an integrated large-scale 
strategy allowing for the simultaneous conservation of the 
biodiversity priority areas (Brasil, 2000) in both grasslands 
and forests in this large biogeographic transition region.
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